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SECTION 6 
 NON-CITY OF HOUSTON OWNED LIFT STATIONS 
 
 
6.1 GENERAL 
 
6.1.1 This section is applicable to design of lift stations within the City of Houston 

jurisdiction but not owned by the City 
 
6.2 DESIGN REQUIREMENTS 

 
6.2.1 Ownership 
 
6.2.1.1 Site shall be conveyed in fee to a utility district, the City of Houston, or other 

acceptable public entity. 
 
6.2.1.2 The site may be part of a larger site that includes a public wastewater treatment 

facility or other facility. 
 
6.2.2 Site Layout Geometry 
 
6.2.2.1 Site shall have a minimum size of 50 feet by 50 feet. 
 
6.2.2.2 Site access shall be provided by a 15-foot wide public right-of-way. 
 
6.2.2.3 Wet well or dry well structures shall be a minimum of 12 feet from outside walls 

of structure to site boundary fencing. 
 
6.2.2.4 Provide an all-weather road of not less than 12 feet in width to the site. 
 
6.2.3 Fencing 
 
6.2.3.1 Enclose all sites with an intruder-resistant fence with a (1) minimum height of 

6 feet and topped with three strands of barbed wire, or (2) a fence with a 
minimum height of 8 feet without barbed wire.Fences, including barbed wire if 
used, shall be located completely inside the site boundary. 

 
6.2.3.2 Fencing may be of any of the following construction: 

 
1. Chain link. 

 
2. Chain link with wood slats or plastic slats. 

 
3. Cedar picket, 6-inch wide minimum picket with pickets bolted or screwed to 

steel frames connected to galvanized steel posts. 
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4. Precast concrete or other masonry. 
 

5. Any other as approved by City Engineer. 
 
6.2.4 Grading and Drainage 
 
6.2.4.1 Use drainage swales, sidewalls and driveways, culverts, storm sewers, or a 

combination thereof for internal site drainage. 
 
6.2.4.2 Site drainage may sheet flow to a public right-of-way. 
 
6.2.4.3 Storm sewer systems, if provided shall be sized in accordance with applicable 

design guidelines. 
 
6.3 WET WELL / VALVE VAULT DESIGN 
 
6.3.1 Location 
 
6.3.1.1 Flood Protection.  The top of the wet well shall be located above the 100-year 

floodplain, and the design engineer shall take into consideration wave action, 
which may exceed this elevation.  Entry to the site must be accessible during a 
25-year flood. 

 
6.3.1.2 Wet Wells.  All gravity sanitary sewers discharging to the wet well shall be 

located where the invert elevation is at or above the liquid level of the highest 
pump's "ON" setting to achieve the firm pumping capacity.  Gate valves and 
check valves shall not be located in the wet well, but may be located in a valve 
vault or on a concrete slab.  Piping shall be spaced to maintain the pump 
manufacturer's minimum clearances between pumps. 

 
6.3.2 Specifications 
 
6.3.2.1 Size the diameter of the wet well, hatches, and hatch spacing to accommodate 

the selected pumping equipment.  Consideration should be given to the 
dimensions of the ultimate pump in a multi-phased lift station to ensure 
adequate clearances.  Provide a minimum of 6 inches of clearance from the 
inside wet well wall to all flanges to enable removal of all bolts.  The following 
wet well diameters shall be used for cast-in-place wet wells:  6’, 8’, 11’, 14’, 16’- 
6”.  Wet wells larger than 16’-6” may be sized in 1-foot increments.  Precast 
concrete wet wells may be used in any diameter provided calculations 
demonstrate that wet well thickness and material weight will resist imposed up-
lift pressure.  Refer to paragraph 6.3.2.10.  Provide hatch safety nets with 
aluminum sliding rails. 

 
6.3.2.2 The wet well volume shall be based on the minimum cycle time of the largest 

pump planned for the lift station plus additional depth to prevent motor 
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overheating and vortexing.  The cycle time shall not be less than those listed 
below: 

 
 

 
  Pump Horsepower   Minimum Cycle Times (minutes) 

 Less than 50 6 
 50-100 10 
 Over 100 15 

 
The minimum effective volume of the wet well shall be based on the 
following formula:  
 

 
V = Volume (ft3) 
Qp = Pump Capacity (GPM)  
  t = Cycle Time (Minutes) 
7.48 = conversion factor in 

gallons/cubic 
    foot 

 
 

The pump capacity "Qp" is the largest  pump in alternation.  This 
capacity is to be the actual flow rate of one pump pumping alone 
against a system head generated with new pipe friction factors (C=140 
for PVC and  for DIP). 

 
6.3.2.3 The "OFF" elevation of the wet weather pumps shall be deep enough to prevent 

vortexing and motor overheating.  The design engineer shall verify with all pump 
manufacturers on the List of Acceptable Manufacturers that each pump is 
capable of operating continuously at the "OFF" elevation shown on the plans. 

 
6.3.2.4 Wet Well Slopes.  The wet well floors shall have a minimum of 10 percent slope 

to the pump intakes and have a smooth finish.  There shall be no wet well 
projections, which will allow deposition of solids under normal operating 
conditions. 

 
6.3.2.5 Venting.  The wet well shall have a vent sized such that the maximum velocity of 

air through the vent is 600 fpm at the firm pumping capacity.  Vents shall have a 
stainless steel insect screen that is easily replaceable and will prevent the 
entrance of rainwater.  Vent pipes shall be corrosion-resistant. 

 
6.3.2.6 Dry Well/Valve Vault Access.  Access shall be provided to underground dry wells 

and valve vaults.  Stairways shall have corrosion-resistant, non-slip steps and 
conform to OSHA regulations with respect to rise and run.  Where ladders are 
utilized in lieu of stairways, ladders shall conform to OSHA requirements. 

7.48(4)

 tQ
 = V p
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6.3.2.7 Dry Well/Valve Vault Drains.  Floor drains from dry wells and valve vaults to wet 
wells shall be designed to prevent gas and raw sewer water from entering the 
valve vault.  Such designs shall include "P" traps and floating ball type 
backwater valves. 

 
6.3.2.8 Dry Well/Valve Vault Clearances.  All walls shall be a minimum of 18 inches 

from the outermost edge of all flanges to enable removal of all bolts.  Pipes shall 
have a minimum spacing greater than that required by the pump manufacturer 
for minimum pump spacing.  Swing check valves shall be positioned such that 
the shafts may be removed without removing the valve body. 

 
6.3.2.9 Structural Considerations.  Follow the latest version of ACI 350 with the 

exception that the minimum concrete cover over steel reinforcing shall be 
4 inches where in contact with raw sanitary sewer. 

 
6.3.2.10 Wet wells are to be designed to resist the effects of buoyancy assuming full 

saturation of the surrounding soils to the finished grade or the 100-year 
floodplain, which ever is greater.  Surface friction shall not be included in the 
design unless a friction factor is provided in a geotechnical report signed and 
sealed by a licensed professional engineer.  A safety factor of 1.1 shall be used 
for buoyancy resistance. 

 
1. Wet well walls shall be designed to withstand lateral earth pressures and 

static water levels at finished grade as outlined in ACI 350.  At a minimum, 
3,500 psi concrete shall be used.  Class III or IV RCP may be used in lieu of 
cast in place concrete if structural calculations are provided showing that 
sufficient strength exists to resist construction and final loadings. 

 
2. Top slabs shall be designed for a uniform loading of 100 pounds per square 

foot and a point load equal to the weight of the largest pump planned for the 
lift station at any location.  Hatches shall be constructed entirely of aluminum 
or stainless steel and designed for a minimum of 150-pound-per-square-foot 
load.  The underside of the hatch shall have the following stenciled in red 
paint:  "Warning!  Confined Space Entry." 

 
3. Where individual hatches are incorporated into the top slab, the separation 

distance from inside face to inside face shall be a minimum of 12 inches. 
 

4. Where riser pipes pass through the top slab, offsets or two 45-degree bends 
shall be used to provide clearance between the outside diameter of the pipe 
and the inside face of the hatches.  The amount of clearance will be 
determined by the diameter of the slab reinforcing and the maximum 
aggregate diameter. 
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6.4 VALVES AND PIPING 
 
6.4.1 General 
 
6.4.1.1 Use of vault-type or above-ground valves and piping is permitted.  Valves shall 

be mounted in a concrete vault, or on an above-ground concrete foundation.  
Isolation and check valves shall not be located in the wet well. 

 
6.4.1.2 Each pump shall have a separate suction pipe.  Suction piping intakes in the wet 

well shall be fitted with flare 90-degree bends.  Eccentric reducers shall be used 
in suction piping as required.  Suction pipe velocity shall be between 3 and 
7 feet per second (fps). 

 
6.4.1.3 Force mains shall be a minimum of 4 inches in diameter, unless used in 

conjunction with grinder pumps.  Pump stations with two pumps shall have force 
main velocities of a minimum of 3 fps with one pump in operation.  For pump 
stations with three or more pumps, the force main velocity shall not be less than 
2 fps with the smallest pump only in operation.  Force main velocities shall not 
exceed 6 fps without the engineer performing an analysis for possible high and 
low negative surge pressures in the event of sudden pump failure. 

 
6.4.1.4 Isolation valves shall be provided on the discharge side of pumps for 

submersible pumps and suction and discharge side of pumps for dry pit/wet pit 
lift stations, positioned such that the pump and/or check valve can be isolated 
for removal.  Plug valves, ball valves, gate valves, and pinch valves may be 
used.  Check valves shall be swing type with an external lever and shall be 
installed in a horizontal position.  Use of butterfly valves, tilting disc check 
valves, or other valves utilizing a tilting disc in the pipe flow is not permitted. 

 
6.4.1.5 Surge relief valves, air release, and/or combination air and vacuum valves shall 

be provided, as required. 
 
6.4.1.6 Lift station piping shall have flanged or flexible connections to allow for removal 

of pumps and valves without interruption of the lift station operation. 
 

6.5 PUMPS AND MOTORS 
 
6.5.1 Design requirements for wastewater lift station pumps and motors. 
 
6.5.1.1 Stations with capacities of 100 gallons per minute or greater may be designed 

with wet well mounted close-coupled type pumps, self-priming pumps, or be wet 
well/dry well type facilities.  Lift stations shall be designed to discharge the peak 
design flow at the system head required and to operate efficiently during any 
initial, interim, or ultimate design phase. 
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6.5.1.2 Firm pumping capacity shall be provided, and is defined as total station, 
maximum pumping capacity, with the largest pumping unit out of service. 

 
6.5.1.3 Pump selection shall be based on the analysis of the system head and pump 

capacity curves for the determination of pumping capacities.  System losses 
shall be calculated in accordance with the Hydraulic Institute standards.  The 
selected C coefficient value for use in the calculation of friction head losses per 
the Hazen-Williams Formula shall be based on the selected pipe material for 
new and aged (20-year) conditions.  Typical values used for design purposes 
are presented below. 

 
  C Coefficient Value 
Pipe Type New  20 Years 

 
Ductile Iron (lined) 140  120 
Plastic - PVC 140  130 

 
6.5.1.4 Force main velocities shall be included on the system curve. 
 
6.5.1.5 Pumps shall be of a non-clog design, capable of passing a 3-inch diameter or 

greater incompressible sphere, and shall have suction and discharge openings a 
minimum of 4 inches in diameter. 

 
6.5.1.6 Pump seals shall be silicon carbide or tungsten carbide. 

 
6.5.2 Pump Operation 
 
6.5.2.1 Electric motors shall be 120-volt single-phase, 240-volt or 480-volt 3-phase. 
 
6.5.2.2 Optimum efficiencies should be considered in the selection of the pumps and 

motors provided. 
 
6.5.2.3 Leak detection sensors shall be provided in the motor housing of submersible 

pumps. 
 
6.5.2.4 Motor service factor shall be a minimum of 1.15. 
 
6.5.2.5 Electric motors shall be sized so as to operate at maximum design load without 

use of the service factor. 
 
6.5.2.6 Thermal protection shall be provided in the motor housing. 
 
6.5.2.7 Electric motors (excluding submersible units) shall be equipped with space 

heaters. 
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6.5.3 Pump Installation 
 
6.5.3.1 Pumps shall be securely supported, per manufacturer recommendations, so as 

to prevent movement or vibration during operation. 
 
6.5.3.2 Rail-type pump support systems shall be provided for submersible pump 

installations.  That allows pump removal and installation without requiring 
dewatering of or entry into the wet well.  Rails, lifting chains, and hardware shall 
be constructed of Series 300 stainless steel. 

 
6.6 CORROSION PROTECTION AND ODOR CONTROL 
  
6.6.1 Design considerations include corrosion control and protection of concrete and 

metallic surfaces located within the wet well/valve vault or within the immediate 
vicinity from the effect of hydrogen sulfide (H2S) gas in the wastewater.  The 
effects of H2S gas should be minimized by reducing the production or release of 
H2S gas from the wastewater discharging to or being contained in the lift station. 
 Suggested design and control methods include: 

  
6.6.1.1 Protecting the exposed concrete and steel surfaces with acid-resistant materials. 
 
6.6.1.2 The use of Series 300 stainless steel for equipment, piping, devices, etc., 

exposed to corrosive gases. 
 
6.6.1.3 Providing odor control equipment for wet well atmospheric vents. 
 
6.6.1.4 Design wet wells that lack interior corners, projections, or areas that can result in 

the accumulation of solids.  Design interior surfaces with smooth finishes that 
facilitate cleaning. 

 
6.6.1.5 Provide washdown water at site when possible. 
 
6.6.2 Surfaces to be protected: 
 
6.6.2.1 Interior of wet well:  The Engineer shall specify a plastic liner meeting the 

requirements of City of Houston Standard Specification Section 02427, entitled 
"Plastic Liner for Large-Diameter Concrete Sewers and Structures." 

 
6.6.2.2 Piping located within wet well:  Exterior-piping surfaces shall be coated with an 

appropriate painting system selected by the Engineer. 
 
6.6.2.3 Guide rails, lifting chains, hardware, and miscellaneous metal shapes located 

within wet well shall be constructed/manufactured of Series 300 stainless steel. 
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6.6.3 Odor Control 
 
6.6.3.1 Engineer shall evaluate the need for odor control and take appropriate steps in 

the design of the lift station to accommodate the installation of odor control 
equipment, if required.  Engineer shall be the final authority concerning the need 
for odor control equipment. 

 
6.7 ELECTRICAL CONTROL AND INSTRUMENTATION 
 
6.7.1 General 
 
6.7.1.1 The following electrical control and instrumentation design is recommended for 

lift stations located within the City of Houston ETJ, where stations are not 
property of or operated by the City. 

 
6.7.2 Electric Power Requirements 
 
6.7.2.1 The following electrical power sources are the most economical and practical for 

serving lift stations: 
 
1. For stations where total pump motor sizes do not exceed 30 hp, and where 

any individual pump motor size does not exceed 20 hp, 120/240-volt, three-
phase service is recommended. 

 
2. For stations where individual pump motor sizes do not exceed 5 hp and 

motor ratings are available as single-phase, and where three-phase service 
is not available, 120/240 volt, single-phase service may be used. 

 
3. For stations requiring pump motors that are available in only three-phase 

ratings and where three phase electrical service is not available (or not 
economically feasible), 120/240-volt, single-phase service with a three-phase 
inverter unit is acceptable as a last resort but is not recommended.  Inverters 
are available for up to 100-hp motor sizes. 

 
4. For stations where total pump motor sizes exceed 30 hp and where 

individual motor sizes exceed 20 hp, 480/277-volt, three-phase service is 
recommended. 

 
5. Where owner has an existing portable generator with only 480/277-volt, 

three-phase output, it may be more advantageous to utilize 480-volt, three-
phase power for the smaller stations. 

 
6. Optional emergency power connections may require a manual transfer 

switch and generator connector. 
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6.7.3 Electrical Controls 
 
6.7.3.1 Pump Controller:  Solid state, programmable pump controller with pump 

alternator, submersible level transducer, back-up floats, alarm contacts, and 
power supply. 

 
6.7.3.2 Controls and Indicators 
 

1. Pump HOA Selector Switch (for each pump) 
 

2. Alarm Reset Switch 
 

3. Seal-Fail and Over-Temp Reset Switch (for each pump protection module - 
supplied by pump manufacturer) 

 
4. Phase-Fail Light 

 
5. Pump Run Light (for each pump) 

 
6. Control Power Light On 

 
7. Pump Seal-Fail Light (for each pump protection module - supplied by pump 

manufacturer) 
 

8. Pump Over-Temp Light (for each pump protection module - supplied by 
pump manufacturer) 

 
9. High Level Alarm Indicator 

 
10. Alarm Rotating Beacon Light 

 
11. Pump Run Elapse Time Meter (for each pump) 

 
6.7.3.3 Motor Protection Devices 
 

1. Motor Circuit Protectors (MCP's) or circuit breakers 
 

2. Motor Overload Current Trip Devices or C.T.'s with Relays (for each motor) 
 

3. Motor Over-Temp and Seal Fail Relays (for each motor - furnished by pump 
motor manufacturers) 

 
4. Phase Fail Relay 
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6.7.3.4 Surge Protection Device 
 

1. Lightning and Surge Protection Device installed on Main Power Bus, single- 
or three-phase, as applicable 

 
6.7.3.5 Level Controls 
 

1. Primary: Solid state transducer with cable and weight, rated for wastewater 
application 

 
2. Back-up:  PVC ball type float with mercury switch - high and low level 

 
6.7.4 Operation 
 
6.7.4.1 As level rises, the submersible level transducer detects the pressure change and 

sends a 4-20 MA signal that is proportional to wet well level to the pump 
controller. 

 
1. Each pump is brought on as level rises, and when wet well level falls back to 

a preset level, all pumps stop. 
 
2. Pump alternator in the controller alternates lead/lag pump selection at end of 

each pumping cycle. 
 

3. If pumps fail to draw down wet well, high-level alarm signal is initiated at the 
pump controller and controller automatically switches to standby floats for 
activation of pump controls. 

 
4. In the event of fail signal from transducer, controller automatically switches to 

floats. 
 
6.7.4.2 Alarm Signals 
 

1. Alarms activate local indicator lights and send signals to autodialer. 
 

6.7.5 Enclosures 
 

6.7.5.1 Pump Cable Terminal Boxes 
 

1. NEMA 4X stainless steel boxes mounted near pump access hatch for 
termination of pump power and control cables and for termination of 
transducer and float cables. 
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2. All hub-type conduit entries. 
 
6.7.5.2 Control Panel Enclosure 

 
1. NEMA 4X stainless steel enclosure on factory stainless steel stands with 

inside swing door, back plate, quick release latches, and hooking clasp. 
 
2. All hub-type conduit entries. 

 
6.8  DRAWING REQUIREMENTS 
 
6.8.1 Pump station construction plans shall include drawings that provide the following 

information: 
 

1. Site layout 
 
2. Plan and profile of pump station and associated site piping 

 
3. Profile view of pump operational and control levels and settings 

 
4. Hydraulic system curve 

 
5. Electrical wiring and control system schematics  

 
6. Structural details 
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